In recent years there has been a general realization that widely used semi-classical and mean-field theories of magnetism, such as linear spin-wave theory, are often inadequate in describing the properties of low-dimensional quantum magnets [1] . Research on 1D systems has benefited from a strong interaction between theory and experiment, with novel concepts such as fractional excitations and topological energy gaps being introduced and developed.
New magnetic materials continue to be found and the body of experimental and theoretical work is increasing. In this Letter we describe a further contribution to this progress by presenting experiments which show the novel features which occur when a magnetic field is applied to a quasi-1D antiferromagnet.
The canonical 1D quantum mechanical system is the S = 1/2 Heisenberg antiferromagnetic chain (HAFC). The low-temperature ground state is a non-magnetic spin singlet [2] , and the excitations are spin- 1 2 particles known as spinons, as shown by the solution of the 1/r 2 Haldane-Shastry model (HSM) [3] . In a neutron-scattering process the spin of the system changes by 1 or 0, and so the neutron-scattering measures a spinon pair continuum. Observations of this continuum for quasi-1D HAFC's have been made and confirm the spinon picture [4] . The application of a magnetic field aligns a number of the spins along the field by creating an approximately regular array of condensed spinons. The triplet excitation continuum in zero field is then split into separate continua [5, 6] as illustrated in Fig. 1 . The positions of the continua alter as the applied field increases until at high fields B ≥ B 0 the spins are aligned parallel along the field and the excitations have a well-defined magnon dispersion [5] .
The S = 1/2 HAFC has also been treated by mapping the spin chain into a system of interacting fermions [7] . In zero field the fermion band is half full and the excitation energies are low with respect to the exchange, and the difficulty of these experiments has precluded a comparison with theory [8] . In this Letter we report neutron scattering measurements which, for the first time, span a large region of the IFP. Although Cs 2 CuCl 4 has a large inter-chain coupling (∼ 17% of the intra-chain value) we argue that the field decouples the chains and good agreement is found with the theories of Müller et al. [5] , and Talstra and
Haldane [6] .
Cs 2 CuCl 4 has an orthorhombic crystal structure [9] . The S = 1/2 Cu 2+ spins are coupled into chains running parallel to the b-axis, with four such chains passing through each unit cell. The magnetic susceptibility [10] is consistent with a quasi-1D S = 1/2 HAFC with an interaction J = 0.34 ± 0.02 meV, where the exchange Hamiltonian for the 1D chains is
The chains are coupled in the c-direction by a small exchange J ′ = 0.175J as depicted in Fig. 2 (a) (all other inter-chain exchanges are negligible) [11] . Below The latter ratio of exchange interactions is in good agreement with the value J ′ /J = 0.175 which gives a stable incommensurate structure [11] . The magnitude of J is larger than the value 0.34 meV deduced from the susceptibility measurements [10] by using a theory which includes quantum fluctuations. The quantum correction to the classical spin-wave result for an ideal S = 1/2 HAF chain is a multiplication of the energy scale by a factor of π 2 [14] , and a value ofJ = 2 π 0.64=0.41 meV is similar to the value deduced from susceptibility measurements.
The magnetic excitations were studied as a function of field by measuring the inelastic scattering at low temperatures (T =0.06 K). Fig. 3 summarizes the results of constant-Q scans for Q=(0,0.75,0). The zero-field scan shows a well-defined, almost resolution-limited peak centered at E=0.58 ± 0.01 meV. The solid line is a fit to a Gaussian peak and the tail at low energies comes from the incoherent scattering. The intensity of the magnetic excitation decreases on increasing the field and the lineshape changes above the IFP transition at B C =1.66 T. A good but not unique fit to the lineshape is obtained by two independent peaks, as shown by the solid line in the figure. The low-energy peak decreases in energy on increasing the field and has an almost constant width and intensity for B C < B < 3 T.
In the same field range, the high-energy peak is at E=0.66 ± 0.02 meV, slightly increased in energy compared to the peak position in the 3D cycloidal phase. It becomes broader on increasing the field, but its total integrated intensity is almost constant.
The inelastic scattering in fields up to 6 T was also measured at Q=(-0.25,2,0), which is equivalent to the zone center for a quasi-1D magnetic system with chains along b * . The results show an inelastic peak for B > 3 T which increases in energy and becomes more intense on increasing the field. This inelastic peak measures the Zeeman energy gap E Z = g c µ B B, where g c is the g-value along the c-axis. A fit to the peak positions gives g c = 2.36 ± 0.02, which is in good agreement with the value g c = 2.30 ± 0.01 determined by previous room temperature EPR measurements [15] .
The results of scanning Q across the zone with E=0.35 meV are presented in Fig. 4 . The zero-field scan has inelastic peaks occurring at positions corresponding to the intersection of the scan direction with the dispersion relation, Fig. 2(c) . The magnetic inelastic scattering decreases in intensity and becomes broader on increasing field. The double-peak structure at the zone boundary k=1.5 transforms into a broad feature and the peak on the low-Q side is displaced towards the zone boundary and cannot be distinguished from the other peak for B > 4 T.
Mean-field ordering and linear spin-wave theory predict that in the case of a field applied in the plane of spin rotation the IFP is either a spin-flop (SF) or a cone structure. Both of these have long-range antiferromagnetic-like order which was not observed. If the anisotropy confining the spins in the (b, c) plane is relatively large, the structure is a SF phase with antiferromagnetic ordering along b, and the transition field cycloidal → SF phase is calculated to be B C =1.425 T [16] . The excitation energy at Q=(0,0.75,0) for isolated 1D chains is field-independent and equal to 0.64 meV [5] . This is clearly inconsistent with the observed splitting of the inelastic scattering as a function of field, see Fig. 3 . Inter-chain coupling causes some broadening of the scattering, but cannot account for the results.
In the same mean-field approach, for smaller anisotropies the magnetic field produces a cone phase in which the spins cant towards the field direction to gain energy through the Zeeman interaction and the transverse spin components rotate in the (a, b) plane with the same wavevector q as the zero-field structure in order to minimize the exchange interactions [16] . The spin-waves in the cone phase have been calculated [17] and the results for the excitation energies at Q=(0,0.75,0) are presented in Fig. 3 by the group of three vertical thin arrows above the scans. The excitations of the cone structure also cannot explain the inelastic scattering observed at low energies with increasing field.
In the case of quantum chains the field produces some spins aligned parallel to the The energies at which the intensity is expected to be large for quantum chains [5] are shown by thick vertical arrows above the scans, while the thin arrows indicate the spin-wave energies for a cone structure. The horizontal bar in the zero-field scan represents the energy resolution (FWHM). 
